Although speech production research has given rise to models that describe the processes and representations underlying lexical access, the topic of lexical access in the written productions of normal subjects has not been investigated in a systematic experimental way. As a result, the study of lexical access in speech is far more advanced than that of lexical access in writing (Bonin, 1995; Bonin & Fayol, 1996a , 1996b . The present study attempts to bridge this gap and to address the general question of the nature of the representations involved in written picture naming and of their time course of activation.
Why should we address this issue? For a long time, it was assumed that writing is parasitic on speech (Rapp, Benzing, & Caramazza, 1997) . According to this view, written and spoken word production involve similar processes. However, this traditional view has not as yet received strong empirical support. To the best of our knowledge, few experimental studies involving normal adults have investigated the extent to which the processes and the representations involved in written word production resemble those involved in spoken word production (Bonin, Fayol, & Gombert, 1997 , 1998 Bonin, Fayol, & Peereman, 1998) . The purpose of the present study was to shed light on this similarity problem. In particular, we focus on access to semantic and orthographic-phonological 1 representations during the production of isolated words from pictures. Our basic assumption was that, if we were to find similar effects, this would indicate that similar processes are involved in both forms of language production.
In most speech production models, expressing the name of a pictured object involves three major levels of processing: conceptualizing, formulating, and articulating (Bock & Levelt, 1994; Dell, 1986; Levelt, 1989 Levelt, , 1991 Levelt, , 1992 Roelofs, 1992; Schriefers, Meyer, & Levelt, 1990 ). Formulating involves lemma retrieval and access to the corresponding phonological form, referred to as the lexeme. Lemmas encode the meanings and the syntactic properties of words (e.g., for the French word lune (moon), the lemma of lune encodes the facts that it is a noun and that its gender is feminine), but they do not contain phonological information (Levelt, 1989) or orthographic information. A keenly debated topic is whether the levels of lemma retrieval and phonological encoding are connected in a strict discrete-serial way (Butterworth, 1989; Levelt, 1989; Levelt et al., 1991a Levelt et al., , 1991b Roelofs, 1992; Roelofs, Meyer, & Levelt, 1996; Schriefers et al., 1990) , in a cascaded way (Humphreys, Riddoch, & Quinlan, 1988; Jescheniak & Schriefers, 1997 , 1998 Peterson & Savoy, 1998) or in an interactive way (Dell, 1986 (Dell, , 1988 (Dell, , 1990 Dell & O'Seaghdha, 1992) . Schriefers et al., as well as Levelt et al. (1991a Levelt et al. ( , 1991b and, more recently, Roelofs et al. (1996 Roelofs et al. ( , 1998 , have made a strong claim that the lemma and the lexeme levels are strictly serial.
According to the strict discrete-serial view, the concept to be expressed (which, in most psycholinguistic experiments, is activated by a picture) sends activation to its connected lemmas. The most strongly activated lemma is selected, and the activation of semantically related lemmas is then turned off. Thus, only the selected lemma becomes phonologically encoded (by activating its lexeme). The cascaded view differs from the discrete-serial view
In three experiments, the nature of the representations involved in written picture naming and the time course of their activation were investigated. French participants had to produce picture names while hearing distractors. In Experiment 1, distractors semantically related to the picture names yielded a semantic interference effect when a stimulus onset asynchrony (SOA) of Ϫ150 msec, but not when a SOA of 0 msec, was used, in both spoken and written picture naming. Experiment 2 showed that the semantic interference effect was not located at the conceptual level. In Experiment 3, participants wrote down picture names while hearing semantically related, phonologically related, both semantically and phonologically related, or unrelated distractors, presented at both SOAs. A semantic interference effect was obtained with phonologically unrelated distractors but was eliminated with phonologically related distractors. Facilitatory effects of phonologically related distractors were found at both SOAs. The implications of the findings for written picture naming are discussed.
in that it allows a feedforward transmission of activation from the activated lemmas to their connected lexemes before a selection step in lemma processing has taken place. As a consequence, phonological encoding is not restricted to the selected lemma. Finally, the interactive view is similar to the cascaded view, except that it allows feedback activation from the lexeme level to the lemma level (Dell, 1986; Dell & O'Seaghdha, 1992) .
The main empirical support for the lemma-lexeme distinction and for the strict seriality assumption between these two levels was provided by Schriefers et al.'s (1990) study, which will be discussed below.
As far as the involvement of semantic representations is concerned, there is evidence that in both spoken and written picture naming, semantic representations related to the concept to be named are activated. Evidence for this comes from analyses of speech errors (Harley, 1984; Levelt, 1989) , from clinical neuropsychological studies (Bub, Black, Hampson, & Kertesz, 1988; Kinsbourne & Warrington, 1964) , and from experimental research on normal subjects (Schriefers, 1990 (Schriefers, , 1992 . Using the pictureword interference paradigm, Schriefers et al. (1990) showed that semantically related distractors auditorily presented 150 msec before picture onset delayed spoken picture naming, compared with unrelated controls. Such an effect is referred to as the semantic interference effect La Heij, Dirkx, & Kramer, 1990; La Heij, Starreveld, & Steehouwer, 1993; Rayner & Springer, 1986; Schriefers et al., 1990; Starreveld & La Heij, 1995 . For instance, a picture of a dog is named more slowly when accompanied by the semantically related word fox than when accompanied by the unrelated word nut. More precisely, Schriefers et al.'s study showed that a semantic interference effect was observed when auditory distractors were presented early (using a stimulus onset asynchrony [SOA] of Ϫ150 msec), but not when presented late (using SOAs of 0 and +150 msec), in the time course of spoken picture naming. Semantic interference effects have also been reported with visually presented distractors and appear to occur in a restricted temporal window (with SOA values ranging from Ϫ200 to +200 msec). 2 The findings concerning the time course of phonological facilitation in spoken picture naming are not entirely consistent. Schriefers et al. (1990) found that phonological representations were only activated late in the time course of lexical access, when compared with semantic representations. In addition, no SOA was found at which both semantic interference and phonological facilitation were observed. Schriefers et al. interpreted these findings as supporting the discrete-serial view, according to which semantic activation is discretely transmitted to phonological representations (lexemes). In contrast, other studies have reported early effects of phonological similarity (e.g., Meyer & Schriefers, 1991; Starreveld & La Heij, 1996) . Because in the latter study the distractors were presented visually rather than auditorily, a difference in distractor modality may be responsible for this discrepancy.
Most models of written picture naming are provided by cognitive neuropsychologists (Caramazza & Hillis, 1990; Ellis, 1982 Ellis, , 1984 Ellis, , 1988 Margolin, 1984) . The identified processing levels are, to some extent, similar to those involved in spoken picture naming (Bonin, Fayol, & Gombert, 1998) . Written picture naming involves a semantic level and a lexeme level. More specifically, in the case of writing, the lexemes provide orthographic information. Most models of written picture naming do not explicitly specify the time course of activation of semantic and lexeme representations, and certain advocates of these admit, at least implicitly, a discrete feedforward transmission of activation between semantic and lexeme representations (e.g., Ellis, 1982 Ellis, , 1984 Ellis, , 1988 ; but see Caramazza & Hillis, 1990) . However, the experimental evidence from normal subjects necessary to support this view (or an alternative view) is still lacking. For this reason, the goal of the present study was to determine whether the strict discrete seriality assumption, which has been strongly advocated by Schriefers et al. (1990) for spoken picture naming, might also receive empirical support from normals for written picture naming. Although their main assumptions have been challenged in the last couple of years, Schriefers et al.'s study is one of the most frequently cited pieces of evidence for the strict discrete seriality assumption in spoken picture naming, and because this seriality view is still advocated (Roelofs et al., 1996) , we chose to adhere to the general rationale underlying Schriefers et al.'s study, closely following their logic and using the same experimental paradigm as the one they usednamely, the picture-word interference paradigm. In the first experiment, we were concerned with the time course of activation of semantic representations. We investigated whether, in written picture naming, a semantic interference effect would be observed in the same temporal window as that in spoken picture naming, using the picture-word interference paradigm and auditorily presented distractors, as in Schriefers et al.
EXPERIMENT 1
The goal of Experiment 1 was to assess whether access to semantic representations proceeds in similar ways in spoken and written picture naming. We wanted to determine whether semantic interference, taken as a marker of the involvement of semantic representations, follows the same time course of activation in written picture naming as in spoken picture naming. Using precisely the abovementioned picture-word interference paradigm, we tested whether this effect could be observed at the same SOA value as that at which Schriefers et al. (1990) observed semantic interference (i.e., Ϫ150 msec). To this end and to permit comparisons with Schriefers et al.'s study, in which different populations and materials were used, a spoken picture naming task was included, and the distractors were presented auditorily, as in Schriefers et al. In Experiment 1, the participants had to write down or say aloud the names of pictures while hearing distractors that were semantically related to the picture names, unrelated to them, or neutral (a blank noise). As a silent control condition, the pictures were presented without distractors. The auditory distractors were presented 150 msec before the picture onsets (SOA = Ϫ150 msec) or simultaneously with the picture onsets (SOA = 0 msec). The main dependent variables were written and spoken latencies and errors. In the light of Schriefers et al.'s (1990) findings, we predicted a semantic interference effect for both written and spoken picture naming with an SOA value of Ϫ150 msec, but not with an SOA value of 0 msec.
Method
Participants. The experiment was run with 48 students from Bourgogne University, 24 per output modality. The participants received course credit. All were native speakers of French, had normal or corrected-to-normal vision, and had no known hearing deficits.
Materials. Twenty line drawings of common objects were used as the experimental pictures. Six additional, practice pictures were used as warm-ups at the beginning of the experiment. Some of the drawings were selected from Snodgrass and Vanderwart's (1980) corpus, and the remainder were selected from a pool of pictures we had used in other experiments on language production (Bonin, 1995; Bonin, Fayol, & Gombert, 1997 , 1998 . The mean frequency of the picture names was 5,255 per 100 million, and the mean number of letters and syllables was six and two, respectively. Frequency counts were taken from the Brulex database (Content, Mousty, & Radeau, 1990) . The auditory distractors either belonged to the same semantic category as the picture name (semantic condition) or were unrelated to the target picture name (unrelated condition). In the neutral condition, the pictures were accompanied by a stretch of white noise (noise condition). Since the sets of auditory distractors differed across experimental conditions (see Appendix A), we were careful to avoid allowing any possible difference between them to contribute to response time (RT) differences between experimental conditions. The mean frequency was 5,220 for the semantic condition and 4,870 for the unrelated condition; the mean number of letters was six for both conditions, and the mean number of syllables was 1.8 for the semantic condition and 1.4 for the unrelated condition. Finally, the acoustic duration of the distractors was the same across conditions, 798 msec on average.
Design. The experimental design included two crossed withinsubjects factors-namely, distractor type, with four levels (silence, silent; white noise, noise; semantically related to picture name, semantic; and unrelated to picture name, unrelated), and SOA, with two levels (SOA = Ϫ150 msec and SOA = 0 msec)-and one crossed between-subjects factor, output type, with two levels (naming and writing). These two SOAs were chosen on the basis of Schriefers et al.'s (1990) study. The pictures were presented four times with an SOA of 0 msec and four times with an SOA of Ϫ150 msec. One group of participants started with SOA = Ϫ150 msec and then proceeded to the condition with SOA = 0 msec. This order was reversed for the second group of participants. Each picture was paired with each of the four distractors. The resulting 80 distractor-picture pairs were divided into four sets. Each set was constrained in such a way that each of the 20 pictures occurred once and each of the four distractor types occurred five times. Likewise, every participant saw each picture four times (for a given SOA), once with each type of distractor. However, any given picture occurred only once in a block of 20 critical items. For each subgroup of items, different random orders were created while respecting the following criteria. No picture could be preceded by a phonologically or semantically related picture or distractor on the previous trial. For each SOA, the blocks were randomly presented. Different randomized sequences were employed in the subgroups of items testing the two different SOAs.
Apparatus. The experiment was run using PsyScope, Version 1.0.1 (Cohen, MacWhinney, Flatt, & Provost, 1993; Vaughan & Yee, 1994) , on a Macintosh LC II. The computer controlled the presentation of the pictures and distractors and recorded the latencies. A graphic tablet (WACOM) and a contact pen (SP-210) were used to record graphic latencies. A microphone (Aiwa stereo; impedance, Ͼ1 kW; Ϫ74 dB) was used to record articulatory latencies. The distractors were recorded with SoundEditPro and presented via digital headphones.
Procedure. The participants were tested individually and randomly assigned to one of the two levels of the output factor. At the beginning of the session, they received a booklet showing the target pictures with their names. The participants were told to study the names of the pictures and to use only those names to refer to the pictures. As soon as they said they had looked at all the drawings and studied their names, the instructions were given. The participants were told that they would have to say aloud or, depending on the group, write down, as quickly as possible, the name of any given picture presented on the screen. They were told that a given picture would be accompanied by a word, a noise presented via the headphones, or a silence. They were required to pay no attention to the auditory distractors. The pictures were presented centered on the screen at a viewing distance of about 60 cm. The experimenter monitored the participants' responses and scored them for correctness. The entire session lasted about 1 h.
A test trial had the following structure. A ready signal (=====) was presented for 500 msec, followed by a picture. Depending on the SOA condition, the onset of the distractor coincided with the picture onset (SOA = 0 msec) or preceded it by 150 msec (SOA = Ϫ150 msec). The participants said aloud or wrote down the name of the picture as quickly as possible.
For both output modalities, latencies were measured from picture onset to the initiation of the spoken/written response. In the case of the written responses, the latencies were timed as follows: The participants sat with the stylus right above the tablet, so that the latency was the time required to make contact after picture onset. For both spoken and written picture-naming latencies, observations were discarded from the analyses whenever any of the following conditions applied: The participant did not remember the picture name, a technical problem occurred, or an item other than the expected one was produced. Specifically in the case of written responses, observations were discarded when: A word was misspelled, the participant merely touched the tablet and paused (by paused, we mean that the participant waited for more than 1 sec without moving the stylus), or the participant wrote down a letter or two and then paused. For the spoken responses, observations were scored as errors when participants stuttered, produced nonlinguistic sounds (such as mouth clicks), or repaired the utterance after a dysfluency.
The picture was removed from the screen after the participant had initiated naming or writing. The next trial was presented after a pause of 5,000 msec.
Results
The exclusion criteria defined in the Procedure section were applied to the data. In addition, for both naming and writing, latencies exceeding two standard deviations above the participant and item means were discarded. Applying this set of criteria led us to exclude 5.2% of the data for naming and 2.4% for writing.
Latencies and errors were submitted to analyses of variance (ANOVAs) with output (naming, writing), SOA (SOA = 0 msec, SOA = Ϫ150 msec), and distractor type (silent, noise, semantic, and unrelated) as experimental factors. To allow us to generalize over both participants and items (Clark, 1973) , two ANOVAs were carried out, one on the participant means (F 1 ) and one on the item means (F 2 ). For all analyses, the conventional level of .05 for statistical significance was adopted.
RTs were faster in the naming task than in the writing task [F 1 (1, 46) Figures 1 and 2 , RTs were generally slower in the semantic and unrelated conditions than in the silent and noise conditions. These differences were confirmed for both tasks at both SOAs by Duncan tests (familywise error rate controlled at .05). Although the mean pattern as a function of type of distractor was similar in all four conditions, the magnitude of the distractor type effect differed reliably across the two SOAs [F 1 (3,138) = 3.25, MS e = 480; F 2 (3,57) = 2.85, MS e = 426]. We were specifically interested in whether the semantic interference effect (i.e., the semantic Ϫ unrelated difference) varied in magnitude across the two SOAs. Planned comparisons showed that the semantic Ϫ unrelated difference was significant at the Ϫ150-msec SOA for both the naming task (+31 msec) and the writing task (+26 msec) but was not significant at the 0-msec SOA for either the naming (+16 msec) or the writing (+8 msec) task.
The only significant effect in the error analyses was that the error rate was higher in the naming task (5%) than in the writing task (2%) [F 1 (1,46) = 8.33 , MS e = 0.0098; F 2 (1,18) = 15.06, MS e = 0.0043].
Discussion
Experiment 1 clearly showed that a semantic interference effect can also be obtained in a picture-word interference task in which written names have to be produced. Of special importance is the fact that the semantic interference effect was observed with the same SOA value as that for spoken picture naming-namely, Ϫ150 msec. At an empirical level, these findings replicate the semantic interference effect in spoken picture naming when using French rather than Dutch, as in Schriefers et al. (1990) , and extend the effect to the written modality. The findings suggest that the same kind of representations underlies the semantic interference effect in naming and in writing and that the processes involved operate in the same temporal window. Schriefers et al. (1990) argued for a lemma locus of the semantic interference effect in spoken picture naming as a result of their findings that (1) this effect was not obtained in an object recognition task and thus could not be ascribed to a conceptual level, since an object recognition task involves perceptual encoding and conceptual activation but no overt language production, and (2) at the SOA at which semantic interference was obtained, no effect of phonological facilitation was found, indicating that the semantic interference effect is not localized at the level where phonological facilitation is supposed to occur-the lexeme level.
Is the semantic interference effect localized at the conceptual level? In the light of the lack of a semantic interference effect in an object recognition task reported by Schriefers et al.(1990) , we might be tempted to answer that it is not. However, these results are not conclusive, because Schriefers et al. used spoken responses and a different language (Dutch) than ours. Thus, the next experiment was designed to be a simple replication of Schriefers et al.'s third experiment, but using French material.
EXPERIMENT 2
The purpose of Experiment 2 was to test whether the semantic interference effect observed in Experiment 1 could be ascribed to a conceptual level involved in lexical access. The rationale was that if the semantic interference effect is thought to arise at a conceptual level, it should manifest itself in a task that requires conceptual activation but no overt language production. Thus, an experimental task requiring perceptual encoding and conceptual activation but no overt language production was designed, and as in Schriefers et al.'s (1990) study, we used an object recognition task. In this task, the participants had to use two pushbuttons to quickly indicate whether or not they thought a given picture had been seen in a previously presented set of pictures. The response was categorized as old or new accordingly. A given picture either was accompanied by the same auditory distractors as those in Experiment 1 or was presented without a distractor. Given that the semantic interference effect was reliably observed in Experiment 1 with an SOA value of Ϫ150 msec, only that SOA value was used. Thus, we tested whether a semantic interference effect would be observed with an SOA of Ϫ150 msec on the RTs of participants categorizing the pictures as old or new.
Method
Participants. Twenty students from Bourgogne University took part in the experiment and were given course credit for their participation. All had normal or corrected-to-normal vision and no known hearing deficits. None of them had participated in the previous experiment.
Materials. The materials were the same as those in Experiment 1 (see Appendix A). The pictures were divided into two sets of 10 pictures each (Set 1 and Set 2). For half of the participants, Set 1 was used in the presentation phase, and both sets were used in the recognition phase. For the remaining half, Set 1 and Set 2 were reversed.
Design. There were two crossed within-subjects factorsnamely, distractor type, with four levels (silent, noise, semantic, and unrelated) and response type (old and new), and one crossed betweensubjects factor, set type, with two levels (1 and 2). Applying the same criteria as those in Experiment 1, four groups were created, consisting of 20 picture-distractor pairs. There was an equal number of new and old responses in each block. For each item subgroup, different random orders were created while applying the same criteria as those described in the previous experiment.
Apparatus. The apparatus was the same as that in Experiment 1. Procedure. The beginning of the session was identical to that of Experiment 1. The participants were told that they would have to decide as quickly as possible whether a given picture presented on the screen was new or old. They indicated their decision by means of two pushbuttons, using the first two fingers of their preferred hand. The assignment of fingers to the buttons was counterbalanced across participants. They were told that a given picture would be accompanied by a word, a noise, or a silence, presented via headphones. However, they were asked to pay no attention to the auditory distractors. The session lasted about half an hour.
A test trial was performed with exactly the same structure as that in Experiment 1. RTs were measured from the onset of picture presentation.
Results
The procedures for analyzing the data were analogous to those described for Experiment 1. The ANOVAs were performed with distractor type (silent, noise, semantic, and unrelated), response type (old and new), and set type (1 and 2) as the main factors.
The only effects of note concerned the main effect of response type (see Figure 3 ). RTs were faster on old items (677 msec), than on new ones [738 msec; F 1 (1,18) = 15.40, MS e = 9,671; F 2 (1,19) = 15.02, MS e = 10,749]. There were also more errors on old items (8%) than on 
Discussion
Experiment 2 was designed to determine whether the semantic interference effect obtained in a written picturenaming task with an SOA value of Ϫ150 msec could be ascribed to a conceptual-processing level. Thus in Experiment 2, a task requiring perceptual encoding and conceptual activation but no overt language production was chosen. Since no semantic interference effect was observed in the task, the results showed that the semantic interference effect is not located at a conceptual level. A further argument in support of this conclusion is that if the semantic interference effect were located at the conceptual level, it would not be affected by factors that are assumed to be located at the lexeme level, such as phonological relatedness (to anticipate the results, it is; see Experiment 3).
To summarize, the findings of Experiments 1 and 2 show that the semantic interference effect is rooted in a lexical level and, more specifically, that if the logic of Schriefers et al. (1990) is followed, it can be attributed to the lemma level. Because the flow of activation from the lemma level to the lexeme level is discrete and strictly serial, the semantic interference effect cannot be affected by factors that are assumed to act at the lexeme level, such as phonological relatedness. However, this aspect is a subject of intense debate in the literature and has strong implications for the strict discrete-serial view of language production. The next experiment addressed this issue.
EXPERIMENT 3
So far, we have addressed the time course of activation of semantic representations in spoken and written picture naming, and the findings are clear-cut. Experiment 1 showed that the semantic interference effect was reliably observed in written picture naming at the same SOA value as that for spoken picture naming and, given that this effect was not obtained in a task that required picture recognition (Experiment 2), accounts of Stroop-like interference that localize the semantic interference effect at the conceptual level can be discarded (e.g., Seymour, 1977) . The similarity of these findings for spoken and written picture naming strongly suggests that the processes involved are similar for both word production systems. However, the time course of phonological representations (i.e., lexemes) has not yet been investigated. In Experiment 3, the time course of the activation of lexeme representations was addressed together with that of semantic representations. In line with the discrete-serial view as proposed by Schriefers et al. (1990) , lexeme retrieval strictly follows semantic activation and selection. As has already been explained, the evidence favoring such a view is that, in Schriefers et al.'s experiments, no SOA was found at which both semantic interference and phonological facilitation were observed. According to these authors, the semantic interference effect acts at the lemma level, and the phonological facilitation is located at the lexeme level. Since these processing levels are connected in a strict serial manner, the semantic interference effect located at the lemma level cannot be affected by a factor that is assumed to take place at the lexeme level, such as phonological relatedness. However, as we will indicate below, certain findings have shown that semantic interference is modified by phonological relatedness (Starreveld & La Heij, 1995 .
Considerable controversy thus surrounds the interpretation of the semantic interference effect in conceptually driven production tasks. According to Schriefers et al.'s (1990) view, the semantic interference is thought to arise as follows. The unrelated word activates its lemma node, but not the picture lemma node, whereas the semantically related word activates both its lemma node and (via connections at the conceptual level) the target lemma node. The picture activates the target lemma node and the semantically related lemma node, but not the unrelated lemma node. The interference is thought to be the result of a tradeoff between the priming of the distractor lemma node by the picture and the priming of the picture lemma node by the distractor word. In addition, these authors assume that the stages of lemma selection and lexeme retrieval are discrete, which implies that the semantic interference effect cannot be modified by factors that affect the lexeme level.
A different explanation of the semantic interference effect was put forward by La Heij (1988) , Glaser and Glaser (1989) , and, more recently, Starreveld and La Heij (1995) . According to this explanation, which could be referred to as the lexeme account of semantic interference, the semantic interference effect occurs at the lexeme level:
The semantically related distractor receives extra activation from the processing of the target picture, as compared with the unrelated distractor. In this case, the semantic interference effect is thought to be due to the extra time needed to resolve the competition between the relevant lexeme corresponding to the picture and the semantically related lexeme activated by the visual (or auditory) processing of the word. According to Starreveld and La Heij (1995) , if the semantic effect is located at a different level from the phonological effect and if the two stages of lemma and lexeme retrieval are strictly serial, the effects of factors affecting the semantic level (lemmas) and those of factors affecting the lexeme level should be additive. However, if these contextual factors interact, this is evidence that the phonological facilitation effect and the semantic interference effect occur at the same processing level-the lexeme level. Using a picture-and a definitionnaming task, La Heij (1995, 1996) showed that the semantic interference effect was greatly reduced when the distractor words were orthographically/phonologically related to the target names. Hence, their results supported the lexeme view of the semantic interference effect.
The critical aspect tested in Experiment 3 was to determine what would happen to the semantic interference effect when phonologically related distractors were used. This aspect is directly relevant to our general intention of determining whether spoken and written picture naming involve similar processes. Given that the discrete-serial view has been proposed for written picture naming (Ellis, 1982 (Ellis, , 1984 (Ellis, , 1988 and strongly argued for by Schriefers et al. (1990) in the case of spoken picture naming, and given equally that this latter claim has been challenged by the finding of an interaction between semantic and phonological factors, the finding of an interaction between phonological and semantic factors in Experiment 3 would have strong implications for a strict discrete-serial view of written picture naming. In Experiment 3, the same design as that in Experiment 1 was used. The distractors that accompanied the pictures were created by the factorial combination of semantic and phonological relatedness. Since we were focusing on written picture naming, only a written picture-naming task was used. It is worth noting that the distractors used for Experiment 3 were presented auditorily, as in Experiments 1 and 2. This point is important, since La Heij (1995, 1996) used visually presented distractors, whereas Schriefers et al. used auditorily presented distractors. The difference between these studies in the observed time course of phonological facilitation might have been due to the use of different distractor modalities. We shall return to this point in the discussion of Experiment 3.
The critical predictions tested in Experiment 3 were as follows. According to the strict discrete-serial view, as proposed by Schriefers et al. (1990) , the semantic interference effect, localized at the lemma level, should not be affected by an additional phonological relation between the distractors and the names of the picture. Therefore, on the basis of the results from Experiment 1, it was predicted that, with an SOA of Ϫ150 msec, a semantic interference effect would be observed with both phonologically related distractors and phonologically unrelated distractors but that there would be no phonological facilitatory effect. With an SOA of 0 msec, a facilitatory effect of phonologically related distractors was predicted, but no semantic interference effect. According to the lexeme account of the semantic interference effect, since both semantic and phonological relatedness affect the lexeme level, these two factors should interact. Thus, a reduction of the semantic interference effect was predicted with phonologically related distractors, but not with phonologically unrelated distractors.
Method
Participants. Twenty-six students from Bourgogne University and from Blaise Pascal University (Clermont-Ferrand II) took part in the experiment and were given course credits. All had normal or corrected-to-normal vision and no known hearing deficits, and none had participated in any of the previous experiments.
Materials. Twenty-two line drawings of common objects served as the experimental pictures, and six additional pictures were used as warm-ups. The drawings were selected from the same corpus as that in Experiment 1. The average frequency of the picture names was 3,846, and the mean number of letters and syllables was six and two, respectively. The auditory distractors were created by the factorial combination of semantic and phonological relatedness. Four categories of distractors were created: semantically and phonologically related, semantically related but phonologically unrelated, semantically unrelated but phonologically related, and semantically and phonologically unrelated.
To ensure that the semantically and phonologically related distractors were not more associatively related to the picture names than were the semantically related and phonologically unrelated distractors, we asked 28 participants (not involved in Experiment 3) to quickly write down the first five words that came to their minds when hearing a given word. The words presented were the selected picture names. The analyses revealed that the probability of participants producing a selected distractor word was low and did not differ significantly between the semantically and phonologically related condition and the semantically related and phonologically unrelated condition (.10 and .07, respectively).
The percentage of phonological overlap and orthographic overlap with the picture names, defined as the number of phonemes and graphemes of a given distractor with the same position as that in a given target picture name, was 39% and 34% for the semantically and phonologically related condition, 34% and 31% for the semantically unrelated and phonologically related condition, 2% and 2% for the semantically related and phonologically unrelated condition, and 1% and 2% for the semantically and phonologically unrelated condition. Since the sets of distractors differed across experimental conditions (see Appendix B), we were careful to avoid allowing any possible difference between them to contribute to RT differences between experimental conditions. Thus, the mean frequency was 2,916 for the semantically and phonologically related condition, 3,839 for the semantically related and phonologically unrelated condition, 3,631 for the semantically unrelated and phonologically related condition, and 3,051 for the semantically and phonologically unrelated condition. The number of letters was 6.45, 6.45, 6.41, and 6.18, respectively. The mean number of syllables was two in all the distractor conditions. Finally, the acoustic duration of the distractors (in milliseconds), was the same across conditions: on average, 851, 851, 853, and 850, respectively.
Design. There were three crossed within-subjects factorsnamely, SOA, with two levels (Ϫ150 and 0 msec), semantic relatedness, with two levels (related and unrelated), and phonological relatedness, with two levels (related and unrelated). We used the same criteria as those in Experiment 1 to create four groups of 22 picture-distractor pairs. Different random orders for each of these subgroups of items were created while applying the same criteria as those described in Experiment 1.
Apparatus.
The apparatus was the same as that in Experiment 1. Procedure. The procedure was the same as that used in Experiment 1.
Results
The same exclusion criteria as those in Experiment 1 were applied to the trials. Overall, 4.11% of the data was discarded. The procedures for analyzing the data were analogous to those described for Experiment 1.
Phonologically related distractors were found to facilitate latencies for written responses, as compared with phonologically unrelated distractors [F 1 (1,25) = 24.75 , MS e = 2,789.77; F 2 (1,21) = 24.30, MS e = 2,598.35]. As can be seen in Figure 4 , the magnitude of the facilitatory effect from phonological relatedness did not vary significantly across SOAs (F 1 Ͻ 1; F 2 = 1.32). Latencies for written responses were slowed down by a semantic relation, but this effect was significant for participants only [F 1 (1,25) = 7.28 , MS e = 626.50; F 2 = 1.71] and was not significantly modulated by SOA (F 1 Ͻ 1; F 2 Ͻ 1).
The most important finding in this experiment was that the effect of semantic relatedness varied across the levels of phonological relatedness (see Figure 4 ). This interaction effect was significant for participants [F 1 (1,25) = 11.72 , MS e = 925.78] and just failed to reach significance for items [F 2 (1,21) = 3.98 , MS e = 2,557.97, p = .059]. Planned comparisons indicated that a semantic interference effect was reliably observed for both participants and items with phonologically unrelated words (+24 msec), and that it was eliminated with phonologically related words (Ϫ5 msec). The triple interaction between phonological relatedness, semantic relatedness, and SOA was not significant (F 1 and F 2 Ͻ 1), which shows that the interaction between semantic relatedness and phonological relatedness did not differ statistically across the two SOA values (see Figure 4) . In the error analyses, no main effects or interactions were significant.
Discussion
Experiment 3 clearly showed that semantic and phonological relatedness interacted in such a way that the semantic interference effect was observed with phonologically unrelated distractors and was eliminated with phonologically related distractors. A phonological facilitation effect was observed at both SOA values. This finding clearly established that the observation of no early phonological effect in Schriefers et al. (1990) and of an early effect in Starreveld and La Heij (1996) is not due to a difference in distractor modality. This pattern of results strongly suggests that the strict seriality assumption strongly claimed for spoken picture naming by Schriefers et al. does not hold true for written picture naming. Remember that in Experiment 1, semantic interference in written picture naming was only observed with the use of an SOA of -150 msec. The finding from Experiment 3, that the magnitude of the semantic interference effect with phonologically unrelated distractors did not vary significantly across SOAs, indicates that the semantic interference effect cannot be confined to the use of an SOA of Ϫ150 msec with auditorily presented distractors. Because the picture names and the distractors were different between these two experiments, we can only speculate that this discrepancy can be attributable to these differences in the materials.
A very important consideration is the fact that the interaction of semantic relatedness and phonological relatedness was obtained with auditorily presented distractors. To date, such an interaction had only been reported with visually presented distractors (Starreveld & La Heij, 1995 . This result is important, since it has been argued that the difference between input presentation modes might underlie the different time courses of orthographic and phonological facilitation. Specifically, the difference in the time courses of activation of orthographic and phonological distractors has been put forward to explain why La Heij (1995, 1996) found an interaction between semantic and orthographic/phonological factors and Schriefers et al. (1990) found no facilitatory effect of phonological distractors at an early SOA (i.e., Ϫ150 msec). Our findings clearly showed that semantic and phonological relatedness also interacted when the distractors were presented auditorily. Therefore, one of the main contributions of Experiment 3 lies in the fact that it showed that the distractor input modality is not crucial.
GENERAL DISCUSSION
Substantial research has been devoted to lexical access in conceptually driven spoken naming tasks, but this has not been the case for writing. It has often been claimed that writing is entirely dependent on spoken language representations and processes (Aitchinson & Todd, 1982; Frith, 1979; Geschwind, 1969; Hotopf, 1980; Luria, 1970) . However, such a claim has not yet received clear empirical support and is essentially based on intuitive arguments. Thus, the experimental study of lexical access in writing should address this point. The present study was designed as an attempt to determine what representations are indeed activated during the time course of lexical access in written picture naming and focused specifically on semantic and lexeme representations.
What, then, can be learned from our experiments? Experiment 1, in which the participants had to either write down or say aloud the names of pictures while hearing distractors, showed a clear interference effect from distractors semantically related to the picture names. This effect was observed only at an early point in lexical access (with an SOA of Ϫ150 msec). Experiment 2 showed that the semantic interference effect is not located at a conceptual level. At an empirical level, the findings of Experiments 1 and 2 extend to the written production of picture names a number of findings reported in spoken picture-naming studies, showing that written picture naming is very similar to spoken picture naming with respect to the time course of the semantic interference. Experiment 3 was designed to test whether the semantic interference effect obtained in Experiment 1 would be affected by a factor, phonological relatedness, that is assumed to take place at a level different from that of the semantic interference effect (the lexeme level), since such a finding would shed light on the relative time course of activation of lexeme and semantic representations. Experiment 3 clearly established that the semantic interference effect was eliminated when semantically and phonologically related distractors were used. The results of Experiment 3 are of special importance because the early phonological facilitation effect and the interaction between semantic and orthographic/phonological relatedness reported by La Heij (1995, 1996) are replicated with the French language, a different task (writing instead of naming), a very small word-form overlap between distractors and targets, and auditorily presented distractors (instead of the visually presented distractors used by Starreveld and La Heij) . This last point must be emphasized because, as was already mentioned in the Discussion section of Experiment 3, it has been suggested that the difference in the mode of distractor presentation may account for discrepancies in the literature regarding the time course of phonological/ orthographic context effects.
As regards the interaction between the semantic and the phonological contexts found in Experiment 3, Roelofs et al. (1996) claimed that this interaction can be accounted for by serial stage models by assuming that there is a phonological effect at the lemma level. However, the phonological facilitation effect was Ϫ24 msec (phonological-unrelated). According to Roelofs et al. (1996) , this is due to facilitation at the lemma level and fa-cilitation at the lexeme level. In Experiment 3, a +27 msec semantic interference effect was reduced to Ϫ9 msec owing to phonological similarity. It seems reasonable to assume that this huge reduction can only occur when the phonological effect at the lemma level is substantial (in Figure 3 of Roelofs et al., 1996 , a 100% reduction was only obtained with 100% orthographic similarity). There are two problems with this account: (1) The degree of phonological similarity in Experiment 3 was small, and (2) if the phonological facilitation effect at the lemma level is very large, the implication is that orthographic/ phonological similarity hardly affects lexeme retrieval. This seems rather odd, given the fact that this level is always assumed to be the genuine locus of phonological facilitation.
One aspect that deserves a brief comment concerns the lemma level as the locus of the semantic interference effect and, more generally, the existence of an obligatory lemma level between concepts and lexemes. It is clear that our data do not provide any evidence against a lemma level. However, the interaction between semantic and phonological factors found in Experiment 3 challenges the lemma level as the locus of the semantic interference effect in the strict seriality assumption. Our data can be explained by the lexeme account of the semantic interference effect (Starreveld & La Heij, 1995) . However, this critical interaction can also be explained by interactive models that do assume a lemma level (Dell, 1986 (Dell, , 1988 (Dell, , 1990 Dell & O'Seaghdha, 1992) . It is clear that future research will have to investigate the issue of whether an amodal lexical level of representations (i.e., the lemma level) is really needed to mediate between concepts and lexemes in conceptually driven naming tasks (for arguments against an obligatory lemma level, see Caramazza, 1997; Caramazza & Miozzo, 1998) .
The main findings of our study can be easily summarized: (1) Semantic similarity and phonological similarity have similar effects in spoken and written picture naming, a fact that strongly suggests that similar processes underlie these two forms of language production; (2) phonological similarity has an effect at an early SOA, a finding that indicates that the discrepancy in the literature (no early phonological effect in Schriefers et al., 1990, vs . the presence of an early effect in Starreveld & La Heij, 1996) is not due to a difference in distractor modality and that when the rationale behind Schriefers et al.'s study is followed, an early phonological effect is not in accordance with strictly serial models of language production; and last but not least, (3) semantic similarity and phonological similarity interact, a finding that is difficult to explain by strict discrete-serial models.
To conclude, the strength of this study lies in the fact that it generalizes the findings obtained in research on spoken picture naming to the realm of written picture naming. Likewise, our findings highlight constraints that will have to be taken into account when proposing models of lexical access in written picture naming. Although the data do not allow us to propose a fully developed view of lexical access in written picture naming, they are useful in outlining a view that can be used as "a target to shoot at." However, what is clear from the present study is that the findings do not fit with a view of lexical access in written picture naming that assumes that activation from semantics is discretely and serially transmitted to lexemes. Further work clearly is needed to determine whether semantic activation is transmitted to lexemes in a cascaded or an interactive manner (this aspect is currently discussed in the spoken word production literature; Jescheniak & Schriefers, 1997 , 1998 Peterson & Savoy, 1998) . From a methodological point of view, the picture-word interference paradigm also appears to be a useful tool for the investigation of lexical access in written picture naming.
